A numerical method is developed for studying the influence of the oscillating model to the aerodynamic heating. By using of the method of rigid dynamic grid and Arbitrary Lagrangian-Eulerian(ALE) formulation, a computer code is developed which could be applied to numerical simulate the unsteady aerodynamic heating of the oscillating airfoil models for hypersonic flow condition. The purpose of this study is to investigate the effects of the unsteady flow on the distribution of the heat flux. By comparison with the steady flow field, it shows that the head has little effect, while other part has a significant impact
Introduction
As a new branch of the aerothermodynamics, unsteady aerodynamic heating would analyze aerodynamic heating in the view of unsteady flow. As we all know, unsteady flow is kind of flow whoes physical quantities vary with time at any reference systems. To the unsteady flow field, flow parameters distributions are not only relevant to the boundary of the flow field at that moment, but also the initial conditions and the experience of the flow. Study on the unsteady aerodynamic heating, the most important is to analyze its time course.
Researchers had found that the movement and deformation of the structure have great influence on aerodynamic heating [1, 2] . However, unsteady hypersonic flow is much more complex than the steady flow, not only theoretical analysis is difficult to study, but it is also difficult to the hypersonic wind tunnel for the limiting of its function period and simulation conditions. As the development of the CFD(Computational fluid dynamics) in recent years, makes it possible to study the unsteady hypersonic flow in numerical method.
Compared with the unsteady aerodynamics, unsteady aerodynamic heating was not taken seriously. A lot of researches had done to study the influences of the unsteady hypersonic flow on the forces and moments of the oscillating models, but what about the influence on the heat flux? Little research concerned about this. Studying on the unsteady aerodynamic heating of the oscillating models has a great significance to the research on unsteady hypersonic flow field, and would be significant to the design of the hypersonic aircraft.
To study the unsteady aerodynamic heating, the unsteady boundary condition is taken into account. In this paper, the fully implicit upwind Navier-Stokes code based on Roe's FDS has been developed. By using of the method of rigid dynamic grid and Arbitrary Lagrangian-Eulerian(ALE) formulation, the oscillating flat model in the hypersonic flow is numerical simulated.
Numerical methods

Governing Equations
The finite element form of N-S equation, which is described by ALE, is as follows:
Heat flux is calculated as follows: 2
Rigid dynamic grid
The rigid dynamic grid is adopted, which can described as the grid fixed on the moving surface with the same angular velocity. The model's motion equation is:
For a grid point x b , y b , when the model oscillating around the point (x l , 0), then we can get the grid point's speed as follows: 4
Validation examples
To test the numerical simulation code, two validation examples are adopted. The first example is used to test the code's capacity to simulate the unsteady flow field, and the second one is to verify the ability to numerical compute heat flux.
Validation example 1.
Here, the AGARD's NACA 0012 oscillatory and transient pitching example is adopted [3] . Flow parameters are as follows:
Variation of angle of attack is:
Computation results are compare with experiment data [3] and reference date [4] in figure 1 and 2. From the comparison we can see the code has a good capacity to simulate the unsteady flow.
Validation example 2.
To verify the code's ability to numerical compute heat flux of the model surface, Holden's example is adopted [5] . For the first layer's thickness is crucial to compute the surface's heat flux, four types of thickness have been analyzed (1 10 -3 , 3.81 10 -4 3.81 10 -5 and 3.81 10 -6 m ). Flow parameters are as follows:
M ∞ =8, P 0 =855 Pa, T 0 =1726 K, T w =294 K, cylinder radius: R=0.0381 m, k=0(steady state). Figure. 3 and 4 are the results of C p and Stanton number respectively. Where Stanton number (St) can be described as: From the results, it is obviously that the first layer's thickness has little influence on C p , while has great influence on heat flux. When the thickness reduced to 10 -5 m, it can be considered as the heat flux is grid independent.
Results and discussion
Computational model and flow condition
To analyze the unsteady aerodynamic heating, leading edge blunt plate model is adopted. Figure. 5 shows its detailed dimension, and the grid is shown on figure 6 . The first layer's thickness of the grid is 1 10 -5 , total grid quantity is 428×151. The point S means the physical stagnation point.
Flow parameters are: Figure. 7 shows results of the temperature counters of the flow field. The shock position of the head has little difference, while the other parts' distribution of the temperature counters has a sensible difference. From Figure. 8 we can see that the pressure of the physical stagnation point has little difference with the steady state, and the heat flux of the physical stagnation point has a little difference with the steady state. Figure 9 shows the comparison of the heat flux distribution of the unsteady flow field and the steady flow field. There is a significant difference between the steady flow and the unsteady flow on the heat flux distribution. When α=0 degree, the heat flux of the upward and down ward flow field has the biggest difference, and the heat flux distribution of the steady state's upper surface and lower surface coincide with each other. In all the cycle period, the heat flux distribution of the steady state and the unsteady state has an obvious difference, even in the period of the max amplitude where the model's motion speed is zero.
Conclusions
In this paper, the unsteady aerodynamic heating of the oscillating plate model is analyzed. Compared with the steady state, the conclusions are as follows:
(1) The pressure of the physical stagnation point has little difference with the steady state.
(2) The heat flux of the physical stagnation point has an obvious difference with the steady state, but the specific value is small (about 5‰).
(3) The heat flux distribution of the flat is greatly affected by the oscillating, i.e. there's an unsteady-flow effects existence and the oscillating of the model influences the aerodynamic heating. 
